Introduction {#sec1}
============

In December 2019, a previously unknown coronavirus (SARS-CoV-2) causing severe acute respiratory syndrome emerged in the city of Wuhan in the Hubei province of China.[@bib1], [@bib2], [@bib3] The full spectrum of the disease, termed COVID-19 (coronavirus disease 2019), ranges from mild, self-limiting respiratory tract illness to severe progressive pneumonia, multiorgan failure, and death.[@bib4] By 22 April 2020, the virus spread to over 150 countries and affected more than 2.5 million individuals, causing over 175 000 deaths.[@bib5]

TMPRSS2 is a member of the family of type II transmembrane serine proteases that are involved in multiple physiological and pathological processes, including cancer and viral infections.[@bib6], [@bib7], [@bib8] In particular, TMPRSS2 has been implicated as a critical host cell factor for the spread of several clinically relevant viruses, including influenza A viruses, SARS-CoV, and MERS-CoV coronaviruses.[@bib9], [@bib10], [@bib11], [@bib12], [@bib13], [@bib14] Recent studies report that the new SARS-CoV-2 binds to angiotensin-converting enzyme 2 (ACE2) for cell entry, followed by proteolytic cleavage of the S protein by TMPRSS2 allowing the fusion of viral and cellular membranes.[@bib15] ^,^ [@bib16] Moreover, *in vitro* evidence indicates that TMPRSS2 inhibition by camostat mesylate may be beneficial to prevent the infection of SARS-CoV-2.[@bib15]

*TMPRSS2* is highly expressed in both localized and metastatic prostate cancers[@bib17] ^,^ [@bib18] and its transcription is regulated by the androgen receptor (AR).[@bib17] Intriguingly, it has been shown that ARs regulate *TMPRSS2* expression also in non-prostatic tissues, including lung. *In vitro* and *in vivo* results show that androgen administration induces *TMPRSS2* expression in human lung epithelial cells and that androgen deprivation reduces *TMPRSS2* transcription in murine lung.[@bib19] The androgen-dependent regulation of *TMPRSS2* expression in the lung may explain the increased susceptibility of men to develop SARS-CoV-2 severe infections when compared with women.

Given that TMPRSS2 levels are under the control of androgens not only in the prostate but also in the lung, we put forward the hypothesis that androgen deprivation therapies (ADTs) may protect patients affected by prostate cancer from SARS-CoV-2 infections.

Materials and methods {#sec2}
=====================

Details of patients with a diagnosis of SARS-CoV-2 infection in the Italian region of Veneto, with or without cancer, were obtained from the following data sources: (i) the Veneto Archive of COVID-19-positive subjects, updated on 1 April 2020, (ii) the Tumor Registry Archive, and (iii) the Regional Medicines Technical Commission. The parameters used for each patient positive to COVID-19 were: sex, hospitalized (yes/no), admission to an intensive care unit (ICU) (yes/no), death, tumor diagnosis, diagnosis of prostate cancer, and ADT. The primary end point of the study was to assess the frequency of SARS-CoV-2 infection in: (i) patients affected by cancer, (ii) patients affected by prostate cancer, (iii) patients affected by prostate cancer in therapy with or without ADT, and (iv) to assess the severity of SARS-CoV-2 infection on the categories above based on patients\' hospitalization, admission to an ICU, or death. Statistical evaluation of the strength of the association between SARS-CoV-2 cases and different types of tumor patients in the male population of the Veneto Region was obtained by means of odds ratio (OR). Data were considered also after stratification for the severity of the disease. The 95% confidence interval (CI) for OR was obtained using the Miettinen-Nurminen method.[@bib20] The *P* value was calculated according to Sheskin.[@bib21] Comparisons among frequencies were obtained with the chi-square test. Statistical significance was considered for *P* \< 0.05.

Results {#sec3}
=======

We extracted data regarding 9280 patients with laboratory-confirmed SARS-CoV-2 infection from 68 hospitals in the Veneto Region. The average age of patients was 73 years for hospitalized, 67 years for ICU-hospitalized, and 81 years for deceased patients.

Although women were infected at a higher prevalence than men (44% men; 56% women), male patients developed more severe forms of the disease ([Figure 1](#fig1){ref-type="fig"} ). Men were more frequently hospitalized (60% men; 40% women), represented the vast majority of ICU-hospitalized patients (78% men; 22% women), and accounted for more deaths (62% men; 38% women) ([Figure 1](#fig1){ref-type="fig"}). These data are in line with recent results from another study, reporting a more severe outcome for men infected by SARS-CoV-2.[@bib22] Figure 1Percentage of patients infected with SARS-CoV-2 divided by sex showing an increased severity of COVID-19 in males.

Among the patients for which clinical data were available (*N* = 9280), 8.5% had a diagnosis of cancer (*n* = 786) and 1.3% had prostate cancer (*n* = 118). Considering only the male population (*n* = 4532), cancer patients represent 9.5% (*n* = 430) and those with prostate cancer 2.6% (*n* = 118). The distribution of tumor types in SARS-CoV-2-infected male cancer patients is shown in [supplementary Table S1](#appsec1){ref-type="sec"}, available at *Annals of Oncology* online. Prostate cancer patients accounted for 28% of the total tumor cases, followed by kidney/bladder cancer (17%), colorectal cancer (15%), and leukemia/lymphoma (11%). The prevalence of some types of cancer (e.g. lung cancer) in the population of SARS-CoV-2-positive patients was different from those of noninfected cancer patients in Europe.[@bib23]

The overall distributions by age of SARS-CoV-2-positive cases in non-cancer and cancer patients are indicated in [Table 1](#tbl1){ref-type="table"} . Of note, SARS-CoV-2-positive patients with cancer were slightly older than patients without cancer ([Table 1](#tbl1){ref-type="table"}). Overall, 68% (*n* = 3085) of all SARS-CoV-2 males were less than 70 years old, while only 36% (*n* = 153 cancer patients, *n* = 43 prostate cancer) of cancer patients were in this age group. On the contrary, no relevant age differences were observed between patients with a history of prostate cancer compared with the total number of cancer patients. Overall, in the male population, cancer patients had a higher risk of SARS-CoV-2 infection (OR 1.79; CI 1.62--1.98) ([Table 2](#tbl2){ref-type="table"} ).Table 1Percentage of SARS-CoV-2 male cases divided by age in non-cancer, cancer, and prostate cancer patientsAge\
(years)SARS-CoV-2-positiveCancerProstate cancer*n* (%)*n* (%)*n* (%)\<703085 (68.1)153 (35.6)43 (36.4)70--79743 (16.4)139 (32.3)43 (36.4)80+704 (15.5)138 (32.1)32 (27.1)Total4532 (100)430 (100)118 (100)[^1]Table 2Prevalence of SARS-CoV-2 positive cases in the male population of the Veneto Region, concerning cancer patientsExposed populationSARS-CoV-2-positiveOR (95% CI)Total male population2 399 783[a](#tbl2fn1){ref-type="table-fn"}4532 (0.2%)---Prevalent cancer patients127 368[b](#tbl2fn2){ref-type="table-fn"}430 (0.3%)1.79 (1.62--1.98)\
*P* \< 0.0001[^2][^3][^4][^5]

Analyzing disease outcomes in male patients, we observed that patients with a tumor diagnosis, including prostate cancer, develop more severe disease conditions in males ([Figure 2](#fig2){ref-type="fig"} ). Indeed, 47.0% (*n* = 2131) of male patients were hospitalized and 6.9% (*n* = 312) died, while among patients with cancer 67.9% (*n* = 292) were hospitalized and 17.4% (*n* = 75) died. No significant differences were observed between prostate cancer patients and those affected by other types of cancers. These differences were not due to the age of patients. As shown in [supplementary Table S2](#appsec1){ref-type="sec"}, available at *Annals of Oncology* online, when cancer and non-cancer patients were grouped according to age, cancer patients infected by SARS-CoV-2 still had higher hospitalization rates and mortality than non-cancer patients, particularly in the group younger than 70 years (*P* = 0.0055). In summary, our data indicate that male cancer patients have an increased risk of SARS-CoV-2 infection and develop more severe forms of COVID-19, in line with a recent study.[@bib24] Figure 2Percentage of male patients infected with SARS-CoV-2 in Veneto divided by hospitalization, ICU, and death.

Finally, we divided the population of prostate cancer patients according to two treatment modalities, namely ADT and non-ADT. Strikingly, only 4 out of 5273 patients receiving ADT in Veneto developed SARS-CoV-2 infection and none of these patients died ([Table 3](#tbl3){ref-type="table"} ). Comparing the total number of SARS-CoV-2-positive cases, patients with prostate cancer receiving ADT had a significantly lower risk of SARS-CoV-2 infection compared with patients who did not receive ADT (OR 4.05; 95% CI 1.55--10.59). An even greater difference was found comparing prostate cancer patients receiving ADT with patients with any other type of cancer (OR 4.86; 95% CI 1.88--12.56). Altogether, these data indicate that androgen deprivation in prostate cancer patients is associated with a reduced probability to develop SARS-CoV-2 infections and with more positive infection outcomes.Table 3Epidemiological characteristics of prostate cancer patients with confirmed SARS-CoV-2 infection in Veneto, treated with or without androgen-deprivation therapyPCa in ADTPCa non-ADTOR (95% CI)Other tumorsOR (95% CI)Cancer patients in Veneto Region population527337 161[a](#tbl3fn1){ref-type="table-fn"}84934[a](#tbl3fn1){ref-type="table-fn"}Total no. of SARS-CoV-2-positive41144.05 (1.55--10.59)\
*P* = 0.00433124.86 (1.88--12.56)\
*P* = 0.0011Mild disease3833.93 (1.31--11.77)\
*P* = 0.01442234.62 (1.56--13.69)\
*P* = 0.0057 Non-hospitalized179 Hospitalized276214Severe disease1314.40 (0.76--25.50) *P* = 0.0982895.53 (0.97--31.58)\
*P* = 0.0544 Intensive care (ICU)11332 Deceased01857Estimated total SARS-CoV-2-positive cases/100 00076307367[^6][^7][^8]

Discussion {#sec4}
==========

Among patients with severe atypical pneumonia, the mortality rate is very high.[@bib25] ^,^ [@bib26] Two coronaviruses have already caused severe respiratory syndromes previously in this century: the severe acute respiratory syndrome coronavirus (SARS-CoV)[@bib27] ^,^ [@bib28] and the Middle-East respiratory syndrome coronavirus (MERS-CoV).[@bib29] However, besides containment measures, we do not have any effective treatment or vaccine against the deadly respiratory syndrome caused by SARS-CoV-2.

*TMPRSS2* transcription is regulated by the AR.[@bib17] This feature contributes to the high expression of TMPRSS2 in the prostate gland[@bib18] and the high frequency of genomic rearrangements involving the *TMPRSS2* promoter and members of the ETS gene family, particularly *ERG*, which places this oncogene under the control of the AR.[@bib30] *In vitro* studies demonstrate that TMPRSS2 inhibition may be beneficial to prevent infection with SARS-CoV-2.[@bib15] However, few specific TMPRSS2 inhibitors are currently in preclinical/clinical development.

The evidence that ARs regulate *TMPRSS2* expression in non-prostatic tissues, including lung,[@bib19] may explain the increased susceptibility of men to SARS-CoV-2 severe infections. This suggests novel potential therapeutic interventions to treat COVID-19-affected people. ADT is known to decrease the levels of TMPRSS2,[@bib31] and AR antagonists could be used to block or decrease the severity of SARS-CoV-2 infection in male patients, potentially in combination with other inhibitors of viral entry or replication. In addition, other drugs that interfere with positive regulation of *TMPRSS2* by ARs, AR co-regulatory factors, and transcription factors (e.g., ETS, SP1) could be used to suppress TMPRSS2 expression and activity in lung and other tissues.[@bib32], [@bib33], [@bib34], [@bib35], [@bib36] Besides the regulation of TMPRSS2, androgens could also increase the severity of SARS-CoV-2 infection in males by modulating the immune response. Androgens can increase the number and function of circulating neutrophils, increase the production of interleukin 1β (IL-1β), IL-10, IL-2, and transforming growth factor-β (TGF-β) by immune cells, and decrease the antibody response to viral infections.[@bib37] In this respect, it is worth noticing that recent evidence demonstrates that neutrophils are responsible for the cytokine storm syndrome, observed in patients with severe COVID-19.[@bib37] ^,^ [@bib38] Besides androgens, other steroid hormones (e.g. estrogen, glucocorticoids) may enhance *TMPRSS2* expression through binding of their respective nuclear receptors to responsive elements (e.g. ERE, GRE) in the gene promoter, thereby explaining the severity of infections in some cases of female patients.[@bib39] ^,^ [@bib40] Therefore, inhibition of these regulatory pathways through already available therapies may also decrease the severity of SARS-CoV-2 infections. Our data are in line with recent reports from China that demonstrated similar trends in male patients and those with cancer.[@bib24]

Our study may have some limitations. SARS-CoV-2-infected cancer patients may have been tested at a greater rate than non-cancer patients, since these patients are more often hospitalized. This may explain the higher prevalence of infected individuals in the cancer patient population. Prostate cancer patients with ADT may also practice more social distancing than prostate cancer patients with non-ADT and the totality of cancer patients.

In summary, these data need to be further validated in additional large cohorts of SARS-CoV-2-infected patients and corrected for multiple variables. ADT, based on luteinizing hormone-releasing hormone (LHRH) agonist/antagonists or AR inhibitors, may be considered to reduce SARS-CoV-2 infections or complications in high-risk male populations. Given that the effects of these compounds are reversible, they could be used transiently (e.g. 1 month) in patients affected by SARS-CoV-2, thereby reducing the risk of side-effects due to long-term administration.
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[^1]: SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

[^2]: Data from the total male population were considered as the reference for OR calculation.

[^3]: CI, confidence interval; OR, odds ratio; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

[^4]: Male resident population in the Veneto region as of January 1st, 2019 (source: National Health Statistics Institute).

[^5]: As of January 1st, 2016 (source: Veneto Tumor Registry. Available at <https://gecoopendata.registrotumoriveneto.it/prevalenza.php?lang=EN>).

[^6]: PCa patients with ADT were considered as reference for OR calculation. Patients are presented referring to the degree of infection severity.

[^7]: ADT, androgen-deprivation therapy; CI, confidence interval; OR, odds ratio; PCa, prostate cancer; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2.

[^8]: Prevalent cancer patients' data are as of January 1st, 2016 (source: Veneto Tumor Registry. Available at <https://gecoopendata.registrotumoriveneto.it/prevalenza.php?lang=EN>).
